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Statement of the Problem with
Long-term Storage of PuO,

® Hydrogenous material mixed with pure/impure
plutonium oxide powder may cause hydrogen
production (through radiolysis) and pressurization
of the welded canisters

® DOE-STD-3013-94/99 calls for material to be
thermally stabilized by calcining at 950°C for at
least two hours

® Thermal stabilization to be verified by Loss On
Ignition at 1000 °C for at least one hour - weight
loss not to exceed 0.5 mass %
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Loss on Ignition

Unsuitability for Impure Materials
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SFE - Requirements

@ Initial capital cost
»» 50 K

Annual operating cost
»» 10 K

® Personnel requirements
» 1 technician (2-person rule observed)

@ Facility requirements
» Glovebox
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SFE - Advantages

® Advantages

» Large sample size (£20 Q)
» Short analysis time (30 - 60 minutes)

» Minimal to no liquid waste
generation

» Data collection is automatic
» DOE approved method
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SFE - Disadvantages

® Disadvantages

» Plugging with high salt samples
» FTIR window susceptible to acid attack
» Hydrates problematic
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LANL
SFE/FTIR Glovebox Assembly
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LANL
SFE/FTIR Glovebox Assembly
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High-Pressure FTIR Cell
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Cumulative Work (SFE)

Extracted Matrix Dates Number of
Extractions
Aluminum Oxide, Al50Og3 9/96 3
Ammonium Molybdate, (NH4) gMo7004-4H50 4197 2
Cacium Sulfate Dihydrate, CaSO4-2H-0 4/97 - 8/97 9
Cerium(IV) Oxide, CeOp 12/96 - 8/97 28
Magnesum Sulfate Heptahydrate, MgSO4-7H>O |  9/96 & 5/97
Magnesum Phosphate Octahydrate, 5/99
Mgg(PO4)28H0
Sodium Borate Decahydrate, NapB407-10H-0 5/99 3
Thorium Oxide, ThOo 7197 3
Waeter, HyO 9/96 - 7/97 44
Zirconium Oxide, ZrO5 9/96 - 3/97 15
Empty Vessals, Aluminum & PEEK 2/97 - 7/97 6
Plutonium Oxide, PuO5 9/96 - present 123
243

Total Number of Extractions
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LANL Observations

® 950°C calcine removes water

® Minimal water re-uptake in vault storage
for most material tested

@ For VERY pure oxides, LOI can be used
for routine moisture analysis

@ For impure oxides, LOI is unsuitable
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Deployment Schedule -

Supercritical CO, extraction

® Manufacturer has implemented design
modifications to equipment for this application

® SFE to be installed at RFETS no later than
5/1/00

® SFE to be installed at Hanford (PFP) no later
than 10/1/00
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Deployment Status -

Supercritical CO, extraction - RFETS

Bi-weekly conference calls initiated 12/3/99
MOU signed on 12/14/99

Design Criteria Document completed 1/17/00

Equipment purchased by RFETS and procured by
LANL on 2/18/00

RFETS operators trained at LANL during the week
of 2/21/00

® RFETS equipment shipped to RFETS on 3/3/00
® RFETS “cold” installation set for 4/3/00

® Installation in Glovebox 12/1/00 Los Alamos
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Deployment Status -

Supercritical CO, extraction —PFP

® Bi-weekly conference calls initiated 11/24/99
® MOU signed on 1/3/00

® Equipment purchased by PFP and shipped to
LANL on 8/15/00

® PFP operators trained at LANL during the
week of 8/28/00

® PFP equipment shipped 9/1/00
® PFP installation and pasted ORR 9/18/00

Hot Samples Processed beginning 9/25/00
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Installed SFE System at
Hanford PFP
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RFETS/PFP Operator Training
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Continuing Development
of the SFE Technique

® Plugging with high salt (chloride)
samples
» Automated back-pressure regulator

® FTIR window susceptible to acid attack

» Survelillance of samples (spot testing ?), alternate
materials for windows

® Hydrates problematic
» Thermal stabilization should address this

e Hydroxides
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On-Line Resources

® MIS web-page :
w10.lanl.gov:80/orgs/nmt/nmt6/PuRD/index.htm

® Supercritical Fluids Faclility web-page

www.scrub.lanl.gov
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Alternative Method Approval

P igfrr

= Etates Government Depariment of E;-E E
SrfClde Operatians
lemorandum

P 1

e Bwthods for blojstuee Aralysis

o Tneng, Ditester, Offios of Kuolser Maleriel ind Speat Fusl, DOEHC, BM-21
Azd Iireciar, (EReo of Mauloriali and lnmmchiEniles ._
A Ak
okt W Tenwion, Direcior, Nucloe baoisl Mmagesant Divisoa, DO8M0, DP-271

Tac plingrse of troe letter (8 1o oblaen appeewil far e Gellowing:

MSUE Cricsesl Fluld Egwsetion {5FE) h“w faf Usc ag =0 altersative
reesthod uﬁumhnﬂ[&mmmld—uimummmﬂn
varifsaliah gEooesil Feqlled by tha EHTD 10 395,

The hsmiron Modnmaton meiiod has e dononsmed for Ploeniien ipaboialc gheve G005 [n
s 1 gaver Lhe Tesge Gom B0% te A0%, pei DOE-STO=3003-94, cocbmbed svalustics asd
wulidation saay be carried umlnmrllﬁLiMWn{“mmmn
available. Onoe the Nowwen Modeeibion method is folly dossonstrated, it will be secommendged
Inrnwmiﬂuuﬂhﬂ'ﬂn\vmmrmmm

Anschsd e the Dollowing twn Thowra! (1] 4 leiter ditod Nowmsher 10, 1959 frosn orry
Suakebwis, Clir of the Toulsdsnl Revimy Board 1, and (3} w capy of the rapen <4,
Campanison Siudy of Mathods for the Detormi o Reaidus] Water in lmpure Fiutanium
Oraydes s Besommandaten of Melhod for Bis linplemeniston (A-UTR-99-301%1" The TRB
recsrstrbed this we puocecd wilh the inplosestttion of S and sootoue e development o
Hemtros Moderation i the Ficld | roformenetd Buet v syl s (s pat® foresnd a8 soes w0
reemthla 6 you oo wills s sosmimsentalion, pl e it the

wapy 0 me far daperaal te TOE fald elficas.

=

[=§ =B g A
Tk BT 301359 e ke

CanLs

i - 4 S o uk

icha ERNaY i T
i

T
Atlectrmepts Cygeiman, Diireclor, MRN-EL i

?H EM.-20 ]

i - o

R e Db Mt siofeo
© Sukshpke, RF dore | euliit, Direcior, ]

R, Ksasdarf, 9FER

-Method approved for
STD-3013-99 on May
19, 2000

- ..alternative method
for measuring
moisture in all
plutonium oxides..”
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Data Summary -
CCLANLO25

As-received, 0.06 wt.% H20 M easur ed moistur e content, Standard deviation, S,1
average wt. % loss of the measur ementsand
(number of runs)
LOI 7.79 1.08 (2
IGA
total H2O (300 C) +
total Ho (950°C) data 0.07 002 (3
SFE 0.05 002 (2
Neutron M oderation 0.31 0.03 (2
Spiked t0 0.36 wt.% H50
LOI 7.03 016 (2
IGA, total H,0 (300°C) 0.40 001 (2
IGA, total Hp (950°C) 0.41 006 (3
SFE 0.54 016 (7)
Neutron Moderation 0.38 007 (2
Spiked to 0.74 wt.% H20
LOI i 6.83 004 (2
IGA, total HoO (300 C) 0.74 010 3
IGA, total Hp (950°C) 0.95 006 (3
SFE 1.19 032 (7)
Neutron Moderation 0.63 0.01 (2
Re-calcined
LOI 4.99 049 (2
IGA, total HoO (300°C) <003 % (3
IGA, total Ho (950°C) <0.03 RO )
SFE _ <0.03 Ya )
Neutron Moderation 0.37 004 (2
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Data Summary -
High Pu

(MgSO,-6H,0 spiked)

Averagemoisture | Standard deviation, S,
Content (wt. %) of (n) moisture
content measur ements
As—received
LOl 0.46 000 (2
IGA @ 300C 0.17 000 (2
IGA @ 900C 0.22 001 (2
SFE <0.03 a0
TGA @300°C 0.43 )
TGA @1000°C 120 oo (D)
Neutron Moderation -0.01 2 (1)
Spiked to 0.3 wt.% H20
Lol 0.82 002 (2
IGA @300 C 0.26 004 (3
IGA @ 900 C 0.36 001 (3
SFE 0.12 0.04 (6)
TGA @300°C 0.26 a1
TGA@1000°C 0.64 1)
Neutron Moderation 0.16 002 (3
Spiked t0 0.7 wt.% H20
LOl 0.90 001 (2
IGA @ 300C 0.37 016 (3
IGA @900 C 0.29 001 (3
SFE 0.21 006 (7)
TGA @300°C 0.21 ()
TGA@1000°C 0.67 4 (1)
Neutron Moderation 0.29 001 (3
Recalcined
LOI XXX XXX (2
IGA @300C a (¥
IGA @900'C a Yo (x)
SFE <0.03 a2
TGA @300°C <0.20 %
TGA@1000°C 0.21 %)
Neutron Moderation -0.08 003 (3
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Data Summary -
High Pu

(CaS0O,:2H,0 spiked)

Average moisture | Standard deviation, S,*
Content (wt. %) of (n) moisture
content measur ements
As—eceived
LOI 0.23 <001 (2
IGA @300°C 0.02 0.00 (2
IGA @900°C 0.06 001 (2
SFE <0.03 (1)
Neutron Moderation -0.03 0.00 (2
Spiked to 0.3wt.% H20
LOI 1.07 0.02 (2
IGA @300°C 0.36 0.02 (2)
IGA @900°C 0.37 0.04 (2
SFE 0.31 004 (7)
Neutron Moderation 0.20 005 (2
Spiked to 0.7 wt.% H >0
LOI 1.25 oo (D)
IGA @300°C 0.63 0.08 (2
IGA @900°C 0.70 0.01 (2
SFE 0.67 0.03 (6)
Neutron Moderation 0.73 010 (2
Re-calcined
LOI XXX XXX (2
IGA @300°C 0.02 0.00 (2
IGA @900°C 0.03 000 (2
SFE <0.03 a2
Neutron Moderation -0.10 0.05 (2)
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Data Summary -
High U

Averagemoisture  Standard deviation, S,*
Content (wt.%) of (n) moisture
content measur ements
As—received, pre-calcined

LOI -2.09 016 (2
IGA @300°C 0.17 000 (2
IGA @900°C 0.22 001 (2
SFE 0.05 001 (2
Neutron Moderation -0.18 0.03 (3
As—received, calcined
LOI 0.02 008 (2
IGA @300°C <003 Yo (2
IGA @ 900°C <003 %o
SFE <003 Ya )
Neutron Moderation -0.13 001 (2
Spiked to 0.3wt.% H50
LOI 1.07 002 (2
IGA @300°C 0.34 004 (2
IGA @900°C 0.39 001 (2
SFE 0.34 002 (7)
Neutron Moderation 0.08 001 (2
Spiked to 0.7wt.% H»0
LOI 9.45 978 (2
IGA @300°C 0.65 008 (2
IGA @900°C 0.61 005 (2
SFE 0.73 002 (7)
Neutron Moderation 0.56 002 (3
Re-calcined
LOI 1.05 002 (2
IGA @300°C 0.12 001 (2
IGA @900°C 0.13 000 (2
SFE <003 Ya @)
Neutron Moderation -0.05 0.02 (3
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Data Summary -
High Mg

Average moisture  Standard deviation, s,*
Content (wt. %) of (n) moisture
content measur ements
As—eceived, pre-calcined
LOI 2.84 0.75 (2
IGA @ 300°C 0.46 0.03 (2
IGA @ 900°C 0.42 018 (3
SFE 0.08 001 (2
TGA 1.72 % (D)
Neutron Moderation 0.25 0.08 (2
As—eceived, calcined
LOI 4.15 024 (2
IGA @ 300°C 0.26 001 (2
IGA @ 900°C 0.29 001 (2
SFE <003 %o (2
TGA 2.15 v ()
Neutron Moderation 0.02 0.02 (2
Spiked to 0.06 wt.% H»0
LOI 3.68 065 (2
IGA @ 300°C 0.37 005 (2
IGA @ 900°C 0.29 019 (3
SFE 0.06 0.03 (7
TGA 217 Y, @
Neutron Moderation -0.01 012 (2
Spiked to 0.15wt.% H»0
LOI 3.90 012 (2
IGA @ 300°C 0.45 005 (2
IGA @ 900°C 0.42 001 (2
SFE 0.16 001 (7
TGA 1.77 Y% (1)
Neutron Moderation 0.07 0.06 (2

Density g




Data Summary -

High Mg

Density g

Spiked to 0.3 wt.% H»0
LOI 3.74 013 (2
IGA @ 300°C 0.70 001 (2
IGA @ 900°C 0.68 001 (2
SFE 0.32 002 (7)
TGA 1.80 Ya (@)
Neutron Moderation 0.08 001 (2
Spiked to 0.5 wt.% H >0
LOI 3.36 016 (2
IGA @ 300°C 0.55 002 (2
IGA @ 900°C 0.87 001 (2
SFE 0.49 004 (7)
TGA 1.94 Ya (@)
Neutron Moderation 0.44 007 (2
Spiked to 0.7 wt.% H 20
LOI 4.01 016 (2
IGA @ 300°C 1.09 000 (2
IGA @ 900°C 1.29 001 (2
SFE 0.72 006 (4
TGA 2.28 Ya (@)
Neutron Moderation 0.74 001 (2
Re-calcined
LOI 331 0.04 (2
IGA @ 300°C 0.19 002 (2
IGA @ 900°C 0.47 004 (3
SFE 0.03 Ya (@)
TGA 1.64 Ya (1)
Neutron Moderation -0.08 0.07 (2
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